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(57) ABSTRACT 

The invention identi?es fragments of hsp60 Which retain the 
capability of inducing a pro-in?ammatory immune response 
of cells of the innate immune system. It is further discloses 
the unexpected ?nding that smaller peptides derived from 
these fragments of hsp60 are capable of acting as antagonists 
of hsp60 insofar as they have the ability to reduce or even 
prevent the induction of a pro-in?ammatory immune 
response by hsp60 in cells of the innate immune system. It 
further discloses variants, derivatives and analogs of such 
peptides, Which are capable of acting as antagonists of hsp60 
insofar as they have the ability to reduce or prevent the 
induction of a pro-in?ammatory immune response by hsp60 
in cells of the immune system. The invention also discloses 
pharmaceutical compositions comprising such peptide frag 
ments or variants, derivatives and analogs thereof, and their 
use to prevent or ameliorate in?ammatory diseases or dis 
orders. 



Patent Application Publication Feb. 5, 2004 Sheet 1 0f 11 US 2004/0022777 A1 

Figure l 

TNF-a (991mm 
=: g s 2 é % 



Patent Application Publication Feb. 5, 2004 Sheet 2 0f 11 US 2004/0022777 A1 

Figure 2A 

TNF (1 (pg/ml) 

TNFa (pglml) 



Patent Application Publication Feb. 5, 2004 Sheet 3 0f 11 US 2004/0022777 A1 

Figure 3 
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FRAGMENTS AND ANTAGONISTS OF HEAT 
SHOCK PROTEIN 60 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of the US 
national stage designation of International application PCT/ 
IL00/00833 ?led Dec. 14, 2000, the content of Which is 
expressly incorporated herein by reference thereto. 

FIELD OF THE INVENTION 

[0002] The present invention relates to peptides and pep 
tide analogs capable of acting as antagonists of hsp60 
characteriZed in that they have the ability to reduce or 
prevent the induction of a pro-in?ammatory response of the 
innate immune system by hsp60. The present invention 
further relates to pharmaceutical compositions comprising 
such peptides and peptide analogs or variants and deriva 
tives thereof, useful for prevention or treatment of in?am 
matory disorders and autoimmune diseases. 

BACKGROUND OF THE INVENTION 

[0003] Heat Shock Proteins 

[0004] Heat shock proteins (hsp) are ubiquitous polypep 
tides produced by all cells of all species. Heat shock proteins 
are expressed both as constitutive proteins that act as 
molecular chaperones (Becker J. and Craig A. E., Eur. J. 
Biochem. 219;11, 1994), and as inducible stress proteins, 
and therefore are also referred to as stress proteins. The 
up-regulation of hsp expression Within the cell Was ?rst 
described When cells Were confronted With a sudden 
increase in temperature. Later, it Was found that other insults 
could also induce hsp synthesis. 

[0005] Molecular chaperones are proteins that play an 
essential role in post-translational assembly of oligomeric 
proteins in complexes, intracellular folding and transport of 
proteins, and “protection” of unfolded proteins from mis 
folding (denaturation) or unWanted protein-protein interac 
tions. 

[0006] Heat shock proteins are among the best conserved 
proteins phylogenetically, With respect to both sequence on 
the one hand and function on the other. Human and bacterial 
Heat shock proteins are more than 50% homologous (Jindal 
et al. Mol Cell Biol. 9:2279, 1989). 

[0007] Hsp60 in Autoimmunity and In?ammation 

[0008] Hsp60 is a mitochondrial chaperone With a major 
role in protein folding and unfolding as Well as translocation 
of proteins into mitochondria. In the mitochondria it facili 
tates the refolding of these proteins, and if necessary their 
subsequent assembly into oligomeric complexes. 

[0009] Hsp60 is found in the cell cytosol under stressful 
and in?ammatory conditions; cell infection or elevated 
cytokine levels Will induce the cellular stress response. 
Therefore, it is not surprising that hsp60 is a highly immu 
nogenic protein: it is the “common antigen” of gram 
negative bacteria. Immunological reactivity to both bacterial 
and autologous-hsp60 is highly prevalent in the general 
population, since the pathogen-directed immune response 
can easily convert into an autoimmune response due to the 
high homology. 
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[0010] T-cell responses to multiple hsp60 epitopes are 
present in various autoimmune and in?ammatory diseases 
(van Eden et al. Immunology Today 19;303, 1998), including 
Type 1 diabetes (Elias et al. Proc Natl Acad Sci 88:3088, 
1991), Rheumatoid and Juvenile arthritis, Multiple Sclero 
sis, Ankylosing Spondylitis, Pelvic In?ammation-associated 
infertility, In?ammatory BoWel Disease, Atherosclerosis, 
Graft rejection and more. The immune system reacts to 
hsp60 epitopes that are either cross-reactive betWeen the 
human and bacterial analogues, or idiosyncratic. 

[0011] Immunological tolerance has never been achieved 
so far to hsp60 epitopes in experimental systems, indicating 
that the immune system is predisposed to recogniZe this 
particular protein. It is a strongly immunogenic protein, in 
the general (healthy) population as Well as in patients With 
in?ammatory disorders. 

[0012] Continuous exposure to benign and pathogenic 
bacteria acts as a booster for hsp60 responses, by re 
exposing the host to bacterial hsp60. Moreover, in?amma 
tory cytokines that are secreted during infection elevate local 
tissue expression of self-hsp60. Cells damaged during 
in?ammation release high amounts of self-hsp60 to an 
immunologically active environment, leading to immunity. 

[0013] In?ammatory diseases associated With hsp60 
expression in target tissues include: 

[0014] Autoimmune diseases: Diabetes (Birk et al. 
Proc Natl Acad Sci 93:1032, 1996), Multiple Scle 
rosis, Rheumatoid arthritis (van Eden et al., Nature, 
331:171, 1988), juvenile chronic arthritis 

[0015] (ii) Chronic in?ammation: 
BoWel Disease, Reactive Arthritis. 

In?ammatory 

[0016] (iii) Graft rejection (Birk et al. Proc Natl Acad 
Sci, 96:5159, 1999). 

[0017] (iv) Atherosclerosis. 

[0018] Hsp60 and Atherosclerosis: 

[0019] Hsp60 has been implicated in atherosclerosis, since 
autoantibodies to human hsp60 Were demonstrated to cor 
relate With the clinical status of patients and experimental 
animal models. The suggested mechanism Was that autore 
active hsp60-speci?c T-cells respond to hsp60 that is over 
expressed on endothelial cells of the aortic intima. An 
alternative mechanism is suggested by the ?nding that hsp60 
is expressed in 89% of macrophages in the atheroma. 
Moreover, hsp60 can stimulate macrophage functions rel 
evant to atherosclerosis, such as the production of TNFot, 
IL-6 and matrix-degrading metalloproteinases. Hsp60 acts 
on the endothelial cells as Well, inducing the production of 
E-selectin, ICAM-1, VCAM-1 and IL-6. The adhesion mol 
ecules enhance the traf?cking of monocytes and lympho 
cytes to the atheroma, While the pro-in?ammatory cytokines 
Will enhance plaque instability and thrombosis. Therefore, 
hsp60 can activate the expression of an array of molecules 
that promote atherogenesis in both the target and effector 
cells. 

[0020] Use of Heat Shock Proteins in Therapy 

[0021] Several disclosures claim uses of heat shock pro 
teins as immune modulators in diagnosis, treatment or 
prevention of autoimmune diseases. Most of the patent 
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documents relate to bacterial heat shock protein 60 also 
known previously as hsp65, or fragments of these proteins. 

[0022] For example, the particular protein produced by the 
human body during development of IDDM, Which serves as 
a diagnostic marker for the incipient outbreak of IDDM, is 
the human heat shock protein having a siZe of about 65 kD 
(human hsp65) or an antigen cross-reactive thereWith as 
disclosed in European patent 0417271, and in US. Pat. Nos. 
5,114,844; 5,671,848; 5,578,303 and 5,780,034. 

[0023] It has been disclosed that fragments of this hsp60 
protein may serve as therapeutically useful entities in pre 
venting or alleviating IDDM and host vs. graft disease 
(International Patent applications WO 96/19236, WO 
97/01959 and WO 98/08536). 

[0024] In addition, fragments of hsp60 may be used as 
carriers for development of synthetic vaccines by increasing 
the immunogenicity of poorly immunogenic antigens as 
disclosed in US. Pat. Nos. 5,736,146 and 5,869,058. 

[0025] European patent 0262710 discloses polypeptides 
useful for alleviation, treatment, and diagnosis of autoim 
mune arthritis and similar autoimmune diseases. The 
claimed polypeptides are derived from bacterial protein 
named “Antigen A” Which Was later identi?ed as mycobac 
terial hsp60. 

[0026] PCT application WO 92/04049 discloses peptides 
of at least seven amino acids homologous to a fragment of 
Mycobacterium tuberculosis hsp60, Which inhibit T-lym 
phocytes activation and proliferation and can protect from 
immune reactions and immune-related disease. 

[0027] PCT applications W0 89/ 12455 and WO 
94/29459, disclose the use of stress proteins and analogs for 
producing or enhancing an immune response or for inducing 
immune tolerance, for prophylaxis or therapy of autoim 
mune diseases and for treating or preventing infectious or 
cancers. A fusion protein is claimed comprising a stress 
protein fused to a protein against Which an immune response 
is desired. 

[0028] PCT application WO 95/25744 discloses microbial 
stress protein fragments containing epitopes homologous to 
related mammalian epitopes—used to treat and prevent 
in?ammatory autoimmune diseases and to prevent trans 
plant rejection. The protective epitopes are located in short 
5-15 AAs regions of stress proteins, Which are highly 
conserved betWeen microorganisms and animals. 

[0029] PCT applications WO 97/11966 and WO 96/10039 
disclose polypeptides of up to 21 amino acids, derived from 
microbial heat shock protein Which are useful for prophy 
laxis or treatment of autoimmune diseases especially arthri 
tis. 

[0030] PCT application WO 96/16083 discloses a peptide 
25 amino acids long, derived from the 10 kD heat shock 
protein (hsp10) of Mycobacterium tuberculosis Which is 
useful in pharmaceutical products for the treatment of 
in?ammatory pathologies, especially rheumatoid arthritis. 

[0031] PCT application WO 91/02542 discloses the use of 
antigenic and/or immuno-regulatory material derived from 
Mycobacterium vaccae and speci?cally hsp60, for treating 
chronic in?ammatory disorders caused or accompanied by 
an abnormally high release of IL-6 and/or TNFot. 
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[0032] PCT application WO 96/18646 discloses peptides 
of 9-20 amino acids derived from Mycobacterial hsp60 used 
for treatment or prevention of autoimmune CNS diseases, 
eg multiple sclerosis, chronic in?ammatory CNS diseases 
and primary brain tumors. 

[0033] Other inventors use heat shock proteins other than 
hsp60 for treatment. For example, US. Pat. No. 5,348,945 
discloses a method for reducing mortality in stressed tissue 
With heat shock protein for treatment of atherosclerosis, 
arterial restenosis and anoxic nerve damage using exog 
enous hsp70. 

[0034] Other inventions (e.g. JP 10212230, JP 09241159) 
disclose synthetic and natural compounds and extracts 
Which inhibit the expression of proteins belonging to the 
hsp60 or hsp27 families and are therefore useful for treating 
autoimmune diseases and cancers. 

[0035] Toll Proteins 

[0036] International application WO 99/20756 discloses 
DNA sequences encoding the human Toll proteins and 
antibodies speci?cally binding these proteins. The polypep 
tides are used to identify other proteins involved in Toll 
mediated transduction (e.g. natural ligands), to screen for 
receptor and ligand mimics, and to generate antibodies. 

[0037] International application WO 98/50547 discloses 
human DNA of Toll-like receptors and proteins and peptides 
derived from them. The compounds are claimed for use in 
altering phosphate metabolism, modulating in?ammatory 
function or innate immunity responses. A binding com 
pound, preferably an antibody or antibody fragment Which 
speci?cally binds to these proteins or peptides, is also 
disclosed. 

[0038] HoWever, the exact role of the Toll proteins in the 
above-mentioned processes has not been elucidated. 

[0039] Thus, there is a need to modulate the role of 
autologous hsp60 and possibly of Toll-like receptor com 
plexes in in?uencing certain diseases and in particular in the 
regulation of pro-in?ammatory immune responses and to 
provide molecules Which are useful to suppress or even 
prevent such responses. 

[0040] None of the background art teaches or suggests the 
hsp60 peptides, variants, derivatives and analogs disclosed 
herein Which are useful as antagonists of hsp60 and have the 
ability to reduce or prevent the induction of a pro-in?am 
matory immune response by hsp60. 

SUMMARY OF THE INVENTION 

[0041] The present invention provides novel anti-in?am 
matory peptides of hsp60, Which are capable of acting as 
antagonists of hsp60 characteriZed in that they have the 
ability to reduce or prevent the induction of a pro-in?am 
matory immune response of cells of the innate immune 
system by hsp60. The present invention also provides vari 
ants, derivatives and analogs of peptides of hsp60, Which are 
also capable of acting as antagonists of hsp60 characteriZed 
in that they have the ability to reduce or prevent the 
induction of a pro-in?ammatory innate immune response by 
hsp60. The antagonists according to the present invention 
Will preferably be peptides comprising 5 to 30 amino acid 
residues, more preferably 5 to 25 amino acid residues, most 
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preferably 7 to 18 amino acid residues, as Well as their 
variants, derivatives or analogs. 

[0042] The present invention has identi?ed those parts of 
hsp60 that are relevant for eliciting a pro-in?ammatory 
immune response and to provide molecules that reduce or 
prevent such a response. Thus, the present invention pro 
vides fragments of the human hsp60 protein having a 
molecular Weight of about 20 kD or less and Which retain the 
ability of hsp60 to induce a pro-in?ammatory innate 
immune response. These fragments are particularly useful 
according to the present invention, for the design of variants, 
derivatives and analogs Which can serve as antagonists of 
the in?ammatory response induced by hsp60. 

[0043] According to the principles of the present inven 
tion, certain pro-in?ammatory fragments of hsp60 Were 
identi?ed in order to serve as useful leads in the design of 
inhibitory variants, derivatives and analogs. Unexpectedly, it 
is noW disclosed that shorter peptides from Within these 
fragments possess anti-in?ammatory activity characteriZed 
in that they can reduce or even prevent the pro-in?ammatory 
responses induced by hsp60. These shorter peptides Will be 
referred to herein as anti-in?ammatory peptides of hsp60. 

[0044] In general the anti-in?ammatory peptides, deriva 
tives and variants of the present invention may be derived 
from epitopes of hsp60 that undergo processing and are not 
necessarily exposed in the native protein. Conversely, they 
may be derived from epitopes or loops of the protein Which 
are eXposed on the surface of the hsp60 molecule. 

[0045] According to the present invention it is noW dis 
closed that the currently more preferred analogs are 
designed to mimic certain epitopes of the molecule desig 
nated hsp60. Most preferred peptides include analogs of the 
human hsp60 While additional preferred analogs include 
analogs of bacterial hsp60. 
[0046] According to the most preferred embodiment of the 
present invention, the anti-in?ammatory peptides, as Well as 
the variants, derivatives and analogs of the fragments dis 
closed and claimed, are characteriZed by their ability to act 
as antagonists of the in?ammatory responses induced by 
hsp60. 
[0047] Another embodiment of the present invention pro 
vides cyclic derivatives and analogs of heat shock proteins 
or peptides derived therefrom having improved properties 
compared to the linear sequence to Which they correspond. 
These properties include but are not limited to prolonged 
metabolic stability or enhanced selectivity of action. 

[0048] In a preferred embodiment of the invention, these 
variants and derivatives of the fragments are further modi 
?ed to backbone-cycliZed peptide analogs that incorporate at 
least one building unit containing one nitrogen atom of the 
peptide backbone linked to a bridging group. Preferably 
these cyclic peptide analogs Will correspond to 5 to 30 amino 
acids residues of a linear peptide sequence. More preferred 
backbone cycliZed analogs have 5-18 residues With at least 
one building unit connected to a terminal, a side chain or 
another building unit to form a cyclic peptide analog. In 
particular, it is generally desirable to achieve peptide ana 
logs With greater speci?city thereby achieving enhanced 
clinical selectivity. 
[0049] The currently most preferred anti-in?ammatory 
peptides of the invention and variants, derivatives or analogs 
of the peptide sequences are noW disclosed: 
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[0050] Preferred embodiments are derived from the 
sequence of the human hsp60. Additional preferred embodi 
ments are derived from the sequence of the bacterial hsp60. 

[0051] Preferred embodiments according to the present 
invention include anti-in?ammatory peptides, variants, 
derivatives and analogs of fragments having a sequence 
selected from the group consisting of: 

[0052] a. Residues 126-160 of human hsp60. A more 
preferred portion of this region spans residues 126 
156 of human hsp60. 

[0053] b. Residues 140-192 of human hsp60. More 
preferred portions of this region comprise analog 
spanning residues 157-191, 158-192, 158-191, 161 
191, and 161-192 of human hsp60. 

[0054] c. Residues 220-250 of human hsp60. A most 
preferred portion of this region spans residues 222 
249 of human hsp60. 

[0055] d. Residues 269-290 of human hsp60. 

[0056] e. Residues 310-344 of human hsp60. Pre 
ferred portion of this region spans residues 315-344 
of human hsp60. 

[0057] f. Residues 390-421 of human hsp60. 

[0058] g. A currently most preferred embodiment 
according to the present invention comprises deriva 
tives, variants and peptide analogs corresponding to 
portions of residues 350-400 of the human hsp60. 

[0059] Additional most preferred peptides and peptide 
analogs according to the present invention are: 

[0060] i. Tyr-Phe-Ile-Asn-Thr-Ser-Lys-Gly-Gln-Lys 
corresponding to residues 227-236 of human hsp60 

[0061] ii. Lys-Ala-Gln-Ile-Glu-Lys-Arg-Ile-Gln-Glu 
corresponding to residues 364-373 of human hsp60 

[0062] iii. Lys-Arg-Ile-Gln-Glu-Ile-Ile-Glu-Gln-Leu 
corresponding to residues 369-378 of human hsp60 

[0063] iv. Ile-Gln-Glu-Ile-Ile-Glu-Gln-Leu-Asp-Val 
corresponding to residues 371-380 of human hsp60 

[0064] v. Gln-Glu-Ile-Ile-Glu-Gln-Leu-Asp-Val-Thr 
corresponding to residues 372-381 of human hsp60 

[0065] vi. Val-Leu-Lys-Val-Gly-Gly-Thr-Ser-Asp 
Val corresponding to residues 403-412 of human 
hsp60 

[0066] vii. Lys-Val-Gly-Gly-Thr-Ser-Asp-Val-Glu 
Val corresponding to residues 405-414 of human 
hsp60 

[0067] Additional more preferred derivatives, variants and 
peptides analogs according to the present invention are 
based on residues 364-381 of the human hsp60 sequence: 
Lys-Ala-Gln-Ile-Glu-Lys-Arg-Ile-Gln-Glu-Ile-Ile-Glu-Gln 
Leu-Asp-Val-Thr. The preferred anti-in?ammatory peptides 
and peptide analogs of this sequence comprise 10-18 amino 
acid residues With optionally at least one residue replaced 
With an Alanine. The currently most preferred peptide ana 
logs are: 
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[0068] Lys-Ala-Gln-Ile-Glu-Lys-Arg-Ile-Gln-Glu 
Ile-Ile-Ala-Gln-Leu corresponding to residues 367 
381 of human hsp60; 

[0069] Lys-Arg-Ala-Gln-Glu-Ile-Ile-Glu-Ala-Leu 
corresponding to residues 372-381 of human hsp60. 

[0070] Another preferred embodiment according to the 
present invention comprises derivatives, variants and pep 
tide analogs of residues 403-412 of the human hsp60. The 
most preferred analogs of this region include the folloWing 
sequences: 

[0071] Val-Leu-Lys-Val-Gly-Gly-Thr-Ser-Asp-Val 
Glu-Val-Asn; 

[0072] Ala-Val-Leu-Lys-Val-Gly-Gly-Thr-Ser-Asp 
Val-Glu-Val; 

[0073] Val-Ala-Val-Leu-Lys-Val-Gly-Gly-Thr-Ser 
Asp-Val-Val; 

[0074] Gly-Val-Ala-Val-Leu-Lys-Val-Gly-Gly-Thr 
Ser-Asp-Val. 

[0075] Yet other more preferred analogs according to the 
present invention are backbone cycliZed peptide derivatives, 
variants and analogs of residues 408-416 of the human 
hsp60. These analogs optionally have a Gln, Ser, Thr, Ala, 
Leu or 2Abu residue at position 415 instead of Asn. 

[0076] Currently most preferred analogs of this sequence 
include backbone cycliZed nonapeptides comprising tWo 
bridging groups at positions selected from the group con 
sisting of: residues 408 and 414, residues 409-416, residues 
408-416, and residues 409-414. Other preferred backbone 
cycliZed analogs have 5-18 residues With at least one build 
ing unit connected to a terminal, a side chain or another 
building unit to form a cyclic peptide analog. 

[0077] All the sequences listed above and in the eXamples 
are useful per se and may also be used as a basis for the 
design and synthesis of derivatives, variants and analogs 
With improved properties. 

[0078] The invention also includes pharmaceutical com 
positions comprising a variant, derivative or analog of a 
fragment that can act as an antagonist of hsp60, and, 
optionally a pharmaceutically acceptable carrier or diluent. 

[0079] The present invention furthermore relates to a 
method for the preparation of a pharmaceutical composition 
comprising a variant or derivative of a fragment as described 
herein. The formulation of the compound into a pharmaceu 
tical composition might further comprise the addition of a 
pharmaceutically acceptable carrier, eXcipient and/or dilu 
ent. 

[0080] The pharmaceutical compositions comprising 
pharmacologically active analogs of heat shock proteins and 
a pharmaceutically acceptable carrier or diluent represent 
another embodiment of the invention, as do the methods for 
the treatment of chronic in?ammatory diseases, graft rejec 
tion and autoimmune diseases using such compositions. 

[0081] The pharmaceutical compositions according to the 
present invention advantageously comprise at least one 
anti-in?ammatory peptide or peptide analog, the sequence of 
Which is derived from or mimics a portion of a heat shock 
protein molecule. These pharmaceutical compositions may 
be administered by any suitable route of administration, 
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including orally, topically or systemically. Preferred modes 
of administration include but are not limited to parenteral 
routes such as intravenous and intramuscular injections. 
Additional preferred routes of administration include but are 
not limited to administration via nasal inhalation or oral 
ingestion. 
[0082] The present invention also provides methods for 
identifying, screening and/or characteriZing compounds 
Which can act as antagonists of hsp60 insofar as they can 
reduce or prevent the induction of a pro-in?ammatory 
response by hsp60. The compound to be tested can be any 
possible compound, eg variants and derivatives of frag 
ments of hsp60 as described above, inorganic or organic 
compounds, antibodies, e.g. monoclonal or polyclonal anti 
bodies, antibody fragments, such as Fab fragments, soluble 
Toll-like receptor 4 or Toll-like receptor 2 or fragments or 
complexes of these receptors, etc. 

[0083] The methods for identifying, screening and/or 
characteriZing fragments of hsp60 having the ability to elicit 
a pro-in?ammatory immune response and/or for identifying 
compounds Which can act as antagonists of hsp60 according 
to the present invention may also comprise high-throughput 
and ultra high-throughput quantitative and/or qualitative 
screening methods. 

[0084] The compounds of the present invention are useful 
as active ingredients in pharmaceutical compositions for the 
prevention or treatment of diseases involving heat shock 
proteins in their etiology or pathology. 

[0085] In this respect, the present invention provides mol 
ecules that are useful in suppression or prevention of certain 
diseases and conditions in Which hsp60 is responsible for 
induction of a pro-in?ammatory immune response of cells of 
the innate immune system. 

[0086] The present invention relates therefore to the use of 
a variant, derivative or analog of a fragment of hsp60 
according to the invention for the preparation of a pharma 
ceutical composition for the treatment of an in?ammatory 
disease, such as an autoimmune disease (including but not 
limited to diabetes, multiple sclerosis, rheumatoid arthritis, 
myasthenia gravis and systemic lupus erythematosis), 
chronic in?ammation (including but not limited to athero 
sclerosis, in?ammatory boWel disease, reactive arthritis), 
chronic infections, graft rejection, gingivitis, gastritis, ulcer, 
thrombosis, allergy and acute infections. 

[0087] Disclosures in the background art relate to numer 
ous speci?c peptides derived from hsp60, Which are useful 
in the treatment of speci?c diseases or disorders based on the 
interaction of those peptides With speci?c T-cell receptors. 
The present invention is directed to novel peptides of hsp60 
Which are useful for the suppression or prevention of innate 
immune responses mediated by other cells of the immune 
system, and eXcludes all of the previously knoWn hsp60 
peptides having the capacity to modulate T cell responses. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0088] The invention Will better be understood in relation 
to the draWings and detailed description of the preferred 
embodiments Which folloW: 

[0089] FIG. 1 shoWs differential effects of human hsp60 
on TNFO. production from bone marroW-derived macroph 
ages With Wild-type or mutant Tlr4. 
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[0090] FIG. 2 shows dose dependency and time course of 
hsp60 induced TNFO. production. 

[0091] FIG. 3 shows differential effects of human hsp6O 
on NO production from bone marrow-derived macrophages 
with wild-type or mutant Tlr4. 

[0092] FIG. 4 shows dose dependency and time course of 
the hsp6O induced NO production. 

[0093] FIG. 5 shows the elution pro?le of the gel ?ltration 
chromatography of tryptic fragments of hsp60 on a Super 
dex-75 FPLC column (described in Example 2, section 1). 

[0094] FIG. 6 shows the results of a reverse phase HPLC 
on a C-4 column of a subfraction of the tryptic fragments 
obtained from hsp6O (described in Example 2, section 2). 

[0095] FIG. 7 shows a mass spectral analysis of peak no. 
3 in the HPLC separation (FIG. 6) which shows a molecular 
weight of 3441 Daltons (corresponding to Glu126 to Lys156 
or to Leu390 to Arg420). 

[0096] FIG. 8 shows the results of the testing of hsp60 and 
tryptic fragments of hsp60 for their ability to induce the 
production of TNFO. in macrophages (Example 1, section 1). 

[0097] FIG. 9 shows the results of the testing of hsp60 and 
tryptic fragments of hsp60 for their ability to induce the 
production of NO in macrophages (Example 1, section 1). 

[0098] FIG. 10 describes the results of screening of the 
decapeptides for inhibition of hsp60 (Example 7). 

[0099] FIG. 11 describes schematically the design of 96 
peptide analogs based on the region of residues 364-381 of 
human hsp6O (Example 8). 

DETAILED DESCRIPTION OF THE 
PREFERRED EMODIMENTS 

[0100] The present invention relates to identi?cation of 
fragments of hsp60 that are capable of inducing a pro 
in?ammatory immune response by cells of the innate 
immune system. More particularly the present invention 
relates to even smaller anti-in?ammatory peptides, variants 
and derivatives of these fragments which are capable of 
acting as antagonists of hsp60 insofar as they have the ability 
to reduce or prevent the induction of a pro-in?ammatory 
immune response by hsp60. The present invention also 
relates to pharmaceutical compositions comprising such 
peptides or variants and derivatives thereof. 

[0101] The present invention is based on the ?nding that 
hsp6O binds to the Toll-like receptor 4 complex and as a 
result elicits a potent pro-in?ammatory response in cells of 
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the innate immune system as exempli?ed hereinbelow. It 
was furthermore found that such a response can also be 
elicited by smaller fragments of hsp60 as described above. 
With the knowledge provided by the present invention it is 
now possible and to identify those regions of hsp60 which 
are crucial for eliciting a pro-in?ammatory response in cells 
of the innate immune system. 

[0102] Unexpectedly, it is now disclosed that it is possible 
to identify even smaller peptides of hsp60 which possess 
anti-in?ammatory properties, and that these peptides are 
able to reduce or prevent the in?ammatory response elicited 
by exposure to intact hsp60. 

[0103] One approach is to build a 3-dimensional model of 
hsp60 and to determine which of the above mentioned 
amino acid stretches of (a) to (l) are expected to be exposed 
to the solvent. A 3-dimensional model of hsp60 has been 
built by homology from the crystallographically known 
structure of its bacterial homolog GROEL Protein DataBase 
entry PDB 1grl.ent (see also Braig et al., Nature 371 (1994), 
578). Thus, it is possible to, e.g., chemically synthesiZe those 
amino acid stretches which were identi?ed as being exposed 
to the solvent as well as smaller fragments thereof and to test 
them for their ability to elicit either a pro-in?ammatory or an 
anti-in?ammatory response using the assays as described 
above. 

[0104] Furthermore, based on the knowledge that hsp6O 
binds to the Toll-like receptor 4 complex, it is now possible 
to compare the sequence of hsp60 with that of the spaetZle 
protein, which is the natural ligand of the Toll receptor in 
Drosophila where Toll controls dorso-ventral patterning 
(Marisato and Anderson, Cell 76 (1994), 677). By this 
comparison (see scheme I) 6 regions of homology can be 
determined, allowing thereby the identi?cation of those 
amino acid sequences within hsp6O which can potentially 
bind to the recognition sites of the Toll-like receptor 4 
complex. 
[0105] It has unexpectedly been discovered that smaller 
hsp6O peptides, identi?ed within these epitopes or frag 
ments of hsp60, can themselves exert anti-in?ammatory 
activity, inasmuch as they reduce or prevent the response to 
hsp60, as exempli?ed extensively hereinbelow. 

[0106] Moreover, it is possible to predict the secondary 
structure of the spaetZle protein. This allows identi?cation of 
fragments of hsp60 which show a structural similarity to 
corresponding parts of the spaetZle protein. Analysis of the 
six regions showed: 

[0107] Scheme I. (legend: * identical residues, :very simi 
lar residues, . similar residues). 

Sequence Alignment Between spaetzle and hsp6O 

spaetzle 
hsp6O MLRLPTVFRQMRPVSRVLAPHLTRAYAKDVKFGADARALMLQGVDLLADA 

spaetzle _______ __ —————————————— —-MMI‘PMWISLFKVLLLLFAFFATYEAKEYERIIKELFTI 
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-continued 

Sequence Alignment Between spaetzle and hsp60 

spaetzle TND ____________ "EGVVLFNRTDTEVQSE ---------- --QPIPPRHPSDTFVFPDS 

hsp60 VANNTNEEAGDGT'I'I‘ATVLARSIAKEGFEKISKGANPVEIRRGVMLAVDA 
' :*.. . .: .*BOX1 . *. " "I 

SPdetZle PIAKYRPPQSPAR 
hsp60 

spaetzle 
---------------------------------------------- --PLRNDTKEHNPCAKDES' 

hsp 6O 

BOX 2 

spaetzle 
hsp60 

* : . : ' * . .*: : * 

BOX 3 

spaetzle 
hsp 6O 

BOX 4 

VIAELKKQSKPVTTPEEIAQVATISANGDKEIGNIISDAMKKVGRKGVIT 
96 

--------------------- --QHLRNFCTNVDDYPDLSGLTHKLKN------------------- 

ISSIQSIVPALEIANAHRKPLVIIAEDVDGEALSTLVLNE LKVGLQVVAV 

--- 

DLQPTDVSS KAPGFGDNRKNQLKDMAIATGGAVFGEEGLTLNLE DVQPHDLGKVGEVIV 
96 96 

spaetzle 
hsp 6O 

spaetzle 
hsp 6O 

BOX 5 

spaetzle 
hsp 6O 

—————————————— ——VGGSDERFLCRSIRKLVYPK—————————KGLRADDTW 

TKDDAMLLKGKGDKAQIEKRIQEIIEQLDV l ISEYEKEKLNER 
)LIVNND 
LAKLS DG 

——————— ——EYKQAIQIEECEGADQPCDFAANFPQSYNP--————————ICKQHYTQQT 

VAVLKVGGTSDVEVNEKKDRVTDALNATRAAVEEGIVLGGGCALLRCIPA 

LASIKSDGE ----- --LDVVQNSFKIPSCCKCALKTG ------------------------- - 

LDSLTPANEDQKIGIEIIKRTLKIPAMTIAKNAGVEGSLIVEKIMQSSSE 

spaetzle 
hsp 6O 

spaetzle 
hsp 6O KEEKDPGMGAMGGMGGGMGGGMF 

VGYDAMAGDFVNMVEKGIIDPTKVVRTALLDAAGVASLLT'TAEVVVTEIP 

[0108] Region 1 shows a signi?cant degree of homology 
with two fragments of spaetZle (this region and the align 
ment are marked as Box 1 in Scheme I. The arrow in the box 
denotes that the fragment continues on the next line). 

[0109] Region 2 does not show sequence homology to 
spaetZle, yet spans two solvent exposed helices within 
hsp60, along with two loops, one preceding the ?rst helix 
and the other between the two. Both the loops and the helices 
are solvent exposed and are thus potential recognition sites 
on hsp60. Since spaetZle is predicted to be a four-helix 
bundle, a structural homology between Region 2 and spa 
etZle that enables recognition by the same receptor is pos 
sible, despite lack of obvious sequence homology within this 
region. 

[0110] Region 3 shows signi?cant homology with a single 
fragment of spaetZle (marked as Box 2 in Scheme I). This 
region is a highly ?exible, surface exposed loop in the 

GROEL crystal structure, and hence in the hsp60 model. The 
secondary structure of spaetZle in the region homologous to 
Region 3 is also predicted to be a loop. Thus, all of the 
analyses suggest this fragment to be a likely candidate for 
recognition by the toll receptor. 

[0111] Region 4 shows signi?cant homology with a frag 
ment of spaetZle (marked as Box 3 in Scheme I). It is only 
partially exposed in the hsp60 model. Structural comparison 
between this region and the corresponding region in spaetZle 
is not straightforward, since a large part of this fragment 
shows poor electron density in the GROEL crystal. 

[0112] Region 5 spans a large fragment of hsp60 that 
shows no sequence homology with spaetZle tailed by a short 
fragment that shows homology (Box 4 in Scheme I). The 
C-terminal part of this fragment (which includes the Box 4 
sequence and an additional 9 residues upstream, are surface 
exposed). 
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[0113] Region 6 shows homology With tWo fragments of 
spaetZle (Box 5 in Scheme I; the arrow marks the continu 
ation of this region to the next line). The entire fragment 
consists of a surface exposed helix, followed by a short 
[3-strand, a short, partially exposed loop and an additional 
helix. The spaetZle fragment homologous to the ?rst helix is 
predicted to be a loop, yet the fragment homologous to the 
C-terminal helix is predicted to be a helix also. 

[0114] An additional region of hsp60 spanning Lys359 to 
Asp399 shoWs a signi?cant degree of homology to a frag 
ment of spaetZle, and is solvent exposed. 

[0115] In one currently preferred embodiment of the 
present invention the fragment of the human hsp60 protein 
is obtainable by tryptic digest of human hsp60, in particular 
by treating an hsp60 protein With trypsin preferably at an 
enZyme/protein Weight ratio of 1:54, incubating the reaction 
mixture at 37° C. for 0.5, 1.5, 5.4 and 16.5 hours, respec 
tively, combining these reactions mixtures after having 
stopped the reaction, centrifuging them, ?ltering the super 
natant and submitting it to a gel ?ltration chromatography on 
a Superdex-75 FPLC column With PBS in a rate of 0.5 
ml/min, collecting fractions, optionally concentrating them 
and assaying them for their ability to induce a pro-in?am 
matory response as described above. For further puri?cation 
a fraction Which is active in the test for a pro-in?ammatory 
response can be subjected to a reverse phase HPLC on a C-4 
column using a gradient of 0.1% TFA in Water and 0.1% 
TFA in acetonitryl, collecting fractions and again testing 
them for their ability to induce a pro-in?ammatory immune 
response. 

[0116] In a further more preferred embodiment the frag 
ment according to the invention contains at least one of the 
folloWing amino acid stretches present in the native hsp60 
protein: 

[0117] (a) Glu126 to Lysls?; 
[0118] (b) Lys157to Lyslgl; 
[0119] (c) Gln158 to Lys192; 

[0120] (d) Gln158 to Lyslgi; 

[0121] (e) Pro161 to Lyslgl; 

[0122] Pro161 to Lys192; 

[01231 (g) Glym to Lysm; 

[0124] (h) Ly5269 to Argzgo; 

[0125] 
[0126] 
[0127] 
[0128] 

[0129] Wherein the numbers given as indices represent the 
position of the corresponding amino acid residue of the 
human hsp60 protein as disclosed in SWISSPROT database 
accession No. P10809. 

(i) LyS310 to LYS344; 

ASP315 to LYS344; 

(k) Leu390 to Val421; and 

(1) Thrszv to Glysvv 

[0130] The hsp60 fragments of the present invention, as 
Well as their derivatives and/or variants may be linked to 
other (poly)peptide sequences or may be part of (a) fusion 
protein(s). Such (poly)peptides/fusion proteins may be engi 
neered to improve the characteristics of the fragments, 
derivatives or variants. For example, further amino acids 
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may be added to improve stability and/or persistence during 
puri?cation, handling or storage processes or to improve 
stability, half-life and/or persistence in host organisms and/ 
or patients. 

[0131] Furthermore, the hsp60 fragments, derivatives and/ 
or variants of the invention may be fused to other proteins 
or peptides Which play a role in in?ammatory immune 
responses or in their potential treatment. Within the scope of 
the present invention are also molecules Which comprise the 
hsp60 fragments, derivatives or variants of the invention 
Which are linked to marker molecules and/or marker amino 
acid sequences. Such sequences comprise but are not limited 
to peptide-tags, histidine-tags, ?uorescent molecules, GFP, 
FLAG and GST. 

[0132] In a preferred embodiment of the variants and 
derivatives of the fragments according to the invention these 
molecules are further modi?ed so as to be “backbone 

cycliZed peptide analogs”. Backbone cycliZed peptide ana 
logs comprise a peptide sequence of preferably 5 to 30 
amino acids that incorporates at least one building unit 
containing one nitrogen atom of the peptide backbone. In 
particular, it is generally desirable to achieve peptide ana 
logs With greater speci?city thereby achieving enhanced 
clinical selectivity. As a result of major advances in organic 
chemistry and in molecular biology, many bioactive pep 
tides can noW be prepared in quantities suf?cient for phar 
macological and clinical utilities. Thus in the last feW years 
neW methods have been established for the treatment and 
therapy of illnesses in Which peptides have been implicated. 
HoWever, the use of peptides as drugs is limited by the 
folloWing factors: a) their loW metabolic stability toWards 
proteolysis in the gastrointestinal tract and in serum; b) their 
poor absorption after oral ingestion, in particular due to their 
relatively high molecular mass or the lack of speci?c trans 
port systems or both; c) their rapid excretion through the 
liver and kidneys; and d) their undesired side effects in 
non-target organ systems, since peptide receptors can be 
Widely distributed in an organism. 

[0133] Thus, it Would be most bene?cial to produce con 
formationally constrained peptide analogs overcoming the 
draWbacks of the native peptide molecules, thereby provid 
ing improved therapeutic properties. One conceptual 
approach to the conformational constraint of peptides Was 
introduced by Gilon et al. (Bio-polymers 31 (1991), 745) 
Who proposed backbone to backbone cycliZation of pep 
tides. The theoretical advantages of this strategy include the 
ability to effect cycliZation via the carbons or nitrogens of 
the peptide backbone Without interfering With side chains 
that may be crucial for interaction With the speci?c receptor 
of a given peptide. While the concept Was envisaged as 
being applicable to any linear peptide of interest, in point of 
fact the limiting factor in the proposed scheme Was the 
availability of suitable building units that must be used to 
replace the amino acids that are to be linked via bridging 
groups. The actual reduction to practice of this concept of 
backbone cycliZation initially Was limited by the inability to 
devise any practical method of preparing building units of 
amino acids other than glycine (Gilon et al., J. Org. Chem. 
587 (1992), 5687). Further disclosures by Gilon and 
coWorkers (WO 95/33765, WO 97/09344, US. Pat. Nos. 
5,723,575, US 5,811,392 and US 5,883,293) provided meth 
ods for producing building units required in the synthesis of 
backbone cycliZed peptide analogs. Recently, the successful 
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use of these methods to produce backbone cycliZed peptide 
analogs of bradykinin analogs (US. Pat. No. 5,874,529), 
and backbone cycliZed peptide analogs having somatostatin 
activity Was also disclosed (WO 98/04583 and US. Pat. No. 
5,770,687). All of these methods are incorporated herein in 
their entirety, by reference. 

[0134] The present invention also provides a method for 
identifying fragments of hsp60 having the ability to elicit a 
pro-in?ammatory immune response comprising the steps of 

[0135] contacting cells carrying on their surface an 
intact Toll-like receptor complex With a fragment of 
hsp60; and 

[0136] determining the amount of a pro-in?amma 
tory mediator or effector, produced by the cells; 

[0137] Wherein an increase in the production of the pro 
in?ammatory mediator or effector, is indicative for the 
ability of the fragment of hsp60 to elicit a pro-in?ammatory 
response. This method is exempli?ed herein for the pro 
in?ammatory mediators TNFO. and/or NO. 

[0138] The fragment of hsp60 Which is used in step (a) can 
be any possible fragment of hsp60. Preferably, such a 
fragment has a length of at least 5 amino acid residues, more 
preferably of at least 10, even more preferably of at least 20 
and most preferably of at least 50 amino acid residues. Such 
a fragment may be produced, e.g., by cleavage of the hsp60 
protein, for example by proteolytic cleavage, such as tryptic 
digest, or by chemical cleavage, eg with CNBr, or it can be 
chemically synthesized using methods Well knoWn to the 
person skilled in the art. 

[0139] The cells used in step (a) of the method are 
preferably cells carrying an intact Toll-like receptor 4. 
HoWever, since it is possible that in man the Toll-like 
receptor 2 is the hsp60 receptor, also cells carrying such a 
receptor may be used. Preferably, the cells used in the 
method are lymphatic cells and more preferably macroph 
ages, e.g. human or mouse macrophages. Examples for cells 
Which can be used in such a method are J774 cells, ie the 
mouse macrophage cell line J774 A.1, Which can be pur 
chased from the German Collection of Microorganisms and 
Cell Cultures (DSMZ, BraunschWeig, Germany) or bone 
marroW-derived macrophages of mouse strains C57BL/ 
6JBom and C3H/HeN, Which can be purchased from Breed 
ing & Research Center A/S (Bomholtgard, Ry, Denmark) 
and from Charles River (SulZfeld, Germany), respectively. 
The preparation of such bone-marroW derived macrophages 
is Well knoWn to the person skilled in the art and is also 
described in Example 1. 

[0140] As a negative control bone-marroW-derived cells 
of C3H/HeJ mice, Which can be purchased from Charles 
River (SulZfeld, Germany), can be used. These macrophages 
express a functionally defective Toll-like receptor 4 mem 
brane protein and do not respond to hsp60 by the production 
of TNFO. and NO. 

[0141] The present method is, hoWever, not only useful for 
identifying fragments of hsp60 having the ability to elicit a 
pro-in?ammatory immune response, but may also be 
employed for characteriZing and/or screening the molecules. 

[0142] The present invention furthermore relates to a 
method for the preparation of a pharmaceutical composition 
comprising steps (a) and (b) of the method described above 
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and the step of formulating the fragment of hsp60 identi?ed 
in step (a) as having the ability to elicit a pro-in?ammatory 
response into a pharmaceutical composition. 

[0143] The formulation of the fragment into a pharmaceu 
tical composition may further comprise the addition of a 
pharmaceutically acceptable carrier, excipient and/or dilu 
ent. With the help of the described method, it is noW possible 
to identify smaller fragments of hsp60 Which still have the 
ability to elicit a pro-in?ammatory immune response. With 
the help of such smaller fragments and by identifying those 
regions of the hsp60 protein Which interact With the Toll-like 
receptor 4 complex it is in turn possible to design variants of 
these fragments Which can act as antagonists of hsp60 
thereby reducing or preventing the induction of a pro 
in?ammatory immune response by hsp60. 

[0144] Thus, the present invention also relates to variants 
and derivatives of the hsp60 fragments according to the 
invention Which have the ability to act as an antagonist of 
hsp60, in particular insofar as they can reduce or prevent the 
induction of a pro-in?ammatory immune response by hsp60. 
In this context an antagonist is preferably a peptide or 
peptidomimetic Which reduces or prevents such a response. 

[0145] The present invention also provides a method for 
identifying, screening and/or characteriZing compounds 
Which can act as antagonists of hsp60 insofar as they can 
reduce or prevent the induction of a pro-in?ammatory 
response by hsp60, Wherein this method comprises the steps 
of 

[0146] contacting cells Which carry on their surface 
an intact Toll-like receptor complex With hsp60 or a 
fragment thereof having the ability to induce a 
pro-in?ammatory response in the presence and in the 
absence of the compound to be tested; and 

[0147] determining Whether the presence of the com 
pound has an effect on the production of a pro 
in?ammatory mediator or effector, 

[0148] Wherein a reduction or prevention of the production 
of the pro-in?ammatory mediator or effector is indicative of 
the ability of the compound to act as an antagonist of hsp60. 

[0149] Currently the methods of the invention are exem 
pli?ed hereinbeloW using the production of TNFO. and/or 
NO of the cells in the assays. 

[0150] With respect to the cells mentioned in step (a) of 
the method the same applies as already set forth above in 
connection With the method for identifying fragments of 
hsp60 having the ability to elicit a pro-in?ammatory 
immune response. The fragment of hsp60 mentioned in step 
(a) of the method can be any fragment of hsp60 according 
to the invention having the ability to elicit a pro-in?amma 
tory immune response. 

[0151] The determination of the amount of TNFO. an/or 
NO produced by the cells can be carried out as described 
above and in the Examples. The compound to be tested can 
be any possible compound, eg variants and derivatives of 
fragments of hsp60 as described above, inorganic or organic 
compounds, antibodies, e.g. monoclonal or polyclonal anti 
bodies, antibody fragments, such as Fab fragments, soluble 
Toll-like receptor 4 or Toll-like receptor 2 or fragments or 
complexes of these receptors, etc. 


































































































